John Sulston is so self-deprecating that he could be difficult to profile were his achievements not already so well documented. He dislikes being singled out for attention when his current claim to fame, the genome sequencing programme at the Sanger Centre in Cambridge, UK, is a team effort involving more than 500 people. And when asked why he has announced his intention of stepping down as director of the centre, he replies that he feels the centre needs new scientific leadership. "I've been quite active in pushing the genomic sequencing theme," he says, "but after seven years I think it will be good for the place to have new blood at the top, and new themes."
David Bentley, who heads the human genetics programme at the Sanger, thinks Sulston has played a seminal role in the whole sequencing enterprise. "John pioneered the idea of tackling the problem globally, of looking at new approaches that matched the size of the problem," he says. At the Sanger Centre, adds Bentley, Sulston has maintained a management style based on the informal give-and-take of the research lab. "He's open and available, and very ready to listen to others, rather than imposing his own views. He's extremely honest, and pragmatic about the outcome of discussions, whether it reflects his view or that of others."
This approach has seen the Sanger cruise past several significant milestones. Perhaps the most satisfying from Sulston's personal point of view was the sequence of the nematode worm Caenorhabditis elegans, completed in December 1998. Back in the 1960s, C. elegans was the organism chosen by Sydney Brenner, then at the MRC's Laboratory of Molecular Biology in Cambridge, to explore the links between genes and behaviour. Sulston, with a PhD in organic chemistry and no clear idea of his long-term future, became one of his first postdocs.
Brenner soon moved on to other projects, but Sulston was more persistent. "I seem to have a propensity for biting off a rather large chunk and then finishing it off," he says. The first chunk was the nematode cell lineage. After countless hours looking at cell divisions in live worms under the microscope, Sulston described the developmental history of every one of the 959 cells in an adult worm. In the 1980s he, Bob Waterston and Alan Coulson produced a map of the worm genome, and by 1990, with the backing of Jim Watson, they had persuaded the National Institutes of Health and the MRC that they should embark on the full sequence.
"John was the prime mover," says Waterston, who headed the US worm sequencing effort at the Genome Sequencing Center at Washington University in St Louis. "It was his vision in the early 1980s that led to the physical map, which was an essential prerequisite for the sequencing." He goes on to say that working with Sulston was one of the pleasures of the project. "He's a wonderful colleague, a fantastic experimentalist. If he decides to do something he'll find a way to get it done, even if he has to create what's needed to fill the gaps."
It was the early and dramatic success of the worm sequencing programme that persuaded funding agencies on both sides of the Atlantic that the time was ripe to embark on an international project to sequence the entire human genome. "The year of 1992 was completely insane," says Sulston. "I got sucked into all these negotiations with the Wellcome Trust for making an attack on the human genome. It was one of those moments in one's life when one feels like a leaf on the stream, going down torrents." The Sanger Centre opened in October 1993, funded by the Wellcome Trust to sequence 40 million bases of the human genome in five years. That aim, ambitious at the time, now seems modest. This month the Sanger Centre, as the leader of an international team, is announcing another major milestone, the completion of the sequence of human chromosome 22. Next spring the Human Genome Project will complete a "rough draft", 95 per cent complete, of the whole genome. The job should be complete in another three years. The rapid acceleration has come about through improved technology and increased investment, but the impetus came from commercial competition. Sulston is a self-confessed crusader in favour of the free availability of genomic information. This philosophy has prevailed in the publicly funded sequencing projects in the US and Europe, and all new sequence is made available almost instantly on the web. Bob Waterston points out that once again, it was the work on the worm that started the bandwagon rolling. "A major factor was the early C. elegans map," he says. "That data was shared before publication, and the response of the community was critical in formulating views."
Commercial organisations such as Celera Genomics, in contrast, apply for patents on sequences before publishing them. Sulston is anxious to point out that he is not against patenting per se. "There should be patents downstream, otherwise people will not be motivated to invent and market," he says. "But they are going after the wrong thing. And it isn't just the ownership of sequence that I'm concerned about, but the way all genetic data is handled. I think that making a big issue of public ownership and free data release struck a blow for the notion that people have to take democratic responsibility for the human genome. It's not something that can be left to the commercial manufacturers, like making motor cars." This evangelical approach has been extremely influential, as David Bentley acknowledges. "John has helped to shape my view on how things should be done, both morally and scientifically."
With the human genome project so close to completion, what does the future hold for sequencing centres like the Sanger? The sequence will be only the starting point for studies of gene function, regulation and interactions, the area known as functional genomics. "Over time it's likely that the Sanger Centre will gradually increase the effort it puts into functional genomics, says Sulston. But I think that we shall be doing large-scale sequencing here for a long time to come."
His thoughts about his own future are "woolly", although when pressed he says he'd like to spend more time "fiddling around with things at the bench" and is currently enjoying tying up the few loose ends left in the worm sequence. "I've said I'll stay for as long as I'm needed for the Human Genome Project," he adds. "This is not a career move where I'm about to go off and do something else straight away." This is just as well, as his successor has yet to be appointed. Could it be that he is a hard act to follow? Sulston laughs uproariously. "I can't imagine that that's the case. I'd have thought I was a very easy act to follow."
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Every now and then a revolution occurs and you must decide whether to join in and risk it coming to nothing or ignore it and hope to catch up later. A revolution is happening now on the internet, and within a few years we'll wonder how we existed before it. That revolution is in the lingua franca of the world wide web; the new extended markup language, or XML, is widely considered to be 'the future of the internet' and could certainly improve dramatically the ability to search for information on the web.
Although you might have heard of XML, you could be excused for not really knowing what it's about. XML is a descendent of SGML (standard generalized markup language), which begat HTML (hypertext markup language), the language of the world wide web. Unlike HTML, XML is not a layout language, it does not determine the way the information appears on the web page; instead, XML is a content-oriented language, which allows each piece of information to be wrapped up by other programs in such a way as to describe what sort of information it is.
XML has a more robust inherent capacity for linking to other media than does HTML. In XML, the links can be dynamic, changing as the media to which they are linked change. XML will revolutionize the internet through the concept of programs or databases embedded within documents. In fact, each XML document is effectively an entry in a vast database, the world wide web. It is this characteristic that gives XML the potential to improve the ability to search for information on the web.
According to a recently published statistic, even the best search engines on the web index only 20% of the entire information space. Many users assume that indexing 100% of the information on the web would increase their chances of finding the document they are looking for. Sadly, this is not likely to be true. Take the commonly used analogy of needles and haystacks. Although it is true that if your needle is in the 80% of the haystack that is not indexed you will not find it, indexing the entire haystack is not likely to help you either, as the document would be massive and hard to search. In addition, there is not such a clear distinction between a thin rod of metal and a thin rod of straw in the world of information. It could really help you if the person who placed the needle into the haystack had labelled it, but scientists often omit keywords or a simple paragraph of descriptive text from their web pages, and rarely add the additional tags or labels that search engines use to find pages. XML provides a solution to this problem by informing users what each particular piece of information on the web page is and, more importantly, by allowing the user to search for it.
To appreciate the value of the XML system in searching the web, there is really only one piece of web jargon you need to understand: 'document type description'. Each XML document has a core set of rules to which it complies, which are
